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THE EFFECT (F HIGH-RESISTANCE IGNITION CABLE ON THE
FROSION (F SPARK-PLUG ELECTRCDES
By Clyde C. Swett, Jr. and Franklin A. Rodgers

SUMMARY

Engine tests were made using high-reslstance lgnition cable
on an air-coolsd five-cylinder radiel auxliliary power plant operated
at low mean effective pressure to determine the effects such cable
would heve on erosion of spark-plug electrodes. The Prief tests
showed that eroocion was »educed about 70 percent when high-resistance
lgnition cable was vsed in pidce of standard cable on an engine .
equipped wlch nonreelstor sperk pluge and that the reductlon was
appreximately the enao when enuerk plugs with Internal resistors
were used with the sicdard catle. MTus conbination of high-
resistanse cable ard reststor ererk p.ug roa:'ied in the lowest
rato of erosion, but the tests weire oo insaisitive to mako pos-
gible a quantitative evaluation of the combination.

E[he use of high-resi‘sta.nce comluctors in aircraft-englne
ignition cable' is one merns 'of introducing resistance in series
with the :l.gmtion.spark. The use of lumped resista.nce at the
spark plug reduces fhe Yase .of erds; on of e rk-plug electrodes
(refeisencs 1) and sperk pluags, incorpo:l a.'l:ing gmail resistors for
this mirpose are now ava'lzdle. Tho use of distrionted reslstance
in the cubles conduastor may be exvectad to have a slmilar effect
on electrode erorinn ard, puesilly, advantugoous effects with
respect to the reducticon of radiatica from 1h2 ignition system
a:nd. the a.ttenuation of voltage surges in tho cable.

As part of a.n invea’sigation of high-rasista.nce cables requested
by the Aly Technical Service- Command, Army Alr Forces, engine tests




2 . NACA MR No. ESI21

were made at the Cleveland laboratory of the NACA from March to

May 1945 to determine what effect high-resistance cables would have

on the eroslon of spark-plug electrodes and are Intended to show:

(1) the decrease in erosion when high-resistance cable is used in
plece of standard cable on an englne with nonresistor spark plugs;

and (2) a comparison of the erosion obtained with high-resistance

cable to that obtained with a resistor spark plug. An attempt wes
made to evaluate the additionsl reduction in erosion obtained when
high-resistance cable was used in place of sbtandard cable on a resistor

spark plug.

APPARATUS AND PROCFDURE

The effects on erosion of cable reslstance and spark-plug
reslgtance used elther singly or 1n comblnatlion were investigated
by means of 50-hour englne tests of each arrangement of resistance .
Erosion rates were determined by feeler gages at 10-hour intervals
during the tests and were comparad with erosion rates for spark
plugs operated with no series resistance. A 12-hour break-in run
was made before each test to wear off any rough points on the
electrodes.,

The engine used for this serles of tests was an auxiliary power
plant, which 1s shown 1n figure 1. It 1s a 37-horsepower, alr-cocled,
five-cylinder radial engine operating a 30-volt, direct-current gener-
ator for supplying electrical power. The unit has the followlng speci-
fications:

Displacmﬂnt, cublc Inches « « =« ¢ ¢ o & « . e o s s s o e o ID
‘Compresslon ratio o« ¢ o ¢ o ¢ s ¢ o o & & . e o s v o o e 921
Normal operating speed, TIM o+ « « « « = « s « » « = « « 4000 1100

e« « s s s 00 e 8

L L ] L] ® L L] Dual
.Seintilla SFSRN12
L] L L ] L * [ ] L [ ] 28

Ignition ® » s 6 & 9 &8 &4 8 8 & o o 0 8 @
meotm@atoso-.nno.onq.n.

Maximm continuous generator output, kllowatts .
Smrk tmi!lg, deg B.T.c. L] L ] L ] L ] e L] [ ) L} L) [ L]

The energy output of the magnetos as shown by loading tests was as
great as that of magnetos used on large aircraft engines.

The tests were run under the following conditions:

Speed, m L] [ ] L ] L ] [ ] L} L ] L [ ) e L ] L] [ ) [ ] L] L ] . L] ] L ] L ] L L] [ ] L]
Spark-plug (bottom row) gasket temperature, OF « « « ¢ « s « « 300
Generator output, kilowatts « ¢« o« ¢ ¢ ¢ o ¢ ¢ ¢ ¢ ¢ o v & & o
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The fuel was AN-F-28, Amendment-2, containing 4.52 mil-

. liliters per gellon of tetraethyl. lead. The spark plugs were
" £358. (nonresistor) and RC35S (resistor) with three .of the four
. g:oand electrodes cut off ‘o promote erosion at the remaining

.slectrode. These spark plugs were used because 1t was desirable

" to.obtein data on & type of spark plug that could be supplied dboth
wlithout and with an internal.resistor. The resistance of a' spark
plug with an 1nternal resistor was found to vary with temperature
and is shown as a function of temperature in figure 2. The value
is approximately 1000 ohms at room temperature. Brass spacers
were used with the spark plugse because the engine was designed’

. for short-neach spark plugs. In order to avoid excessive erosion
by combustion-chamber gases, which might have masked electrival
effects, the engine was operated at a power level that resulted
.in a moderate center-electrode temperature (800° - 900° F).

The 1gn1tion cablog wers eithor standard or high-resistance
cables, depending on the test, and were shlelded by metal braild.
The high-reslstance cable used in this investigation has a double
spiral of fine resistance wire.as the conductor. Constants for
the two cables were as follows:

Cable Langth. Capacitance Resistance

- T (ft) (uuf) (ohms)
. Standard 7.5 190 - Negligible
Reslstance 5 5. . 190 ’ 925

As the capacitance was 1udged to be a large factor 1n erosion, the
capacitances of the two cables were made the same. The standard
cable was somewhat longer than the high-resistance cable because
1t had a 1ower capacitance per unit length. : o

Cables and spark plugs were 1nstalled in accordanne with
table I for the various test rums.

RESULTS AND DISCUSSION

The results of the three runs are shown in figure 3 in which
the increase in electrode spacing is plotted as & function of length
of rim. Test 2(a) was made under the same conditions as test 1(a)
and 18 not plotted. The points were determined from an average of
the five spark plugs in the different cylinders. Occaslonally, a
spark plug would foul ‘to the point where it would not fire because
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of caerbop desposits. In such ceses, the asspumption was made that the
rate of erosion for the fouled spark plug would have been equal to
the average rate for the othar spark plugs during that 1O-bour period
1f the fouled spark plug had continued to fire during the entire run.
The fouled spark plug was cleaned at the end of the 10-hour period
and the test continued. The two upper curves (standard cables and
nonresistor spark plugs) show the greatest erosion and indicate that
the erosion rates at the top and bottom rows were approximately equal;
8lightly more erosion occurred in the bottom-row spark plugs. The
standard cable with the resistor spark plug and the high-resistance
cable with the nonresister spark plug both showed reduced, and-approxi-
.mately the same erosion. The high-resistance cable in combination
wlth the resistor spark plug showed the smallest eroslion although,

as will be shown, the magnitude of the probable errors made the amount
of reduction of erosion difficult to evaluate with precision.

At the conclusion af the tests the fouling was investigated.
The spark plugs in the bottrm row, which used high-resistance cable
in tests 2 and 3, had shown & tendency to foul although the fouling
occurred only occasimnally ard then in never more than one spark
Plug at any one time. For this reason various arrangements of
cables and spark plugs were triled in the two rows. Tests showed
that no fouling occurred with standard cables and nenresistor spark
Plugs but that the introduction of series resistance, either by
meens of reslistor spark plugs, high-resistance cables, or both,
resulted 1n occasimmal foulirg in the bottom row. Because the
occurrence of foulimg is an erratic phenomenon, the results of these
brlef tests can be taken merely as an indication that the effects of
series resistance -on sperk-plug fouling may require investigation.

Irasmuich as the resistence of a resistor spark plug changes
with temperature an attempt was made to detexrmine the appraximate
resistance of the resistor spark plug during the engine tests. At
a temperature of 300° F, such as was estimated for the operating tem-
perature of the realstor, the resistance would de adbout 700 olms.
(See fig., 2.) This value 1s somewhat lower than the 925-olm value
of the high-resistance cablea. The tests reported in reference 1
indicate, however, that erosion 1s not extremely sensitive to the

. . magnitude A7 the resistance in the pelghborhood of 1000 ohms.

Teble I shows the results of computations made to determine
the emount of reductiom in erosion of the various tests. The mean
erogion rate was determined by applying the method of least squares
on the assumption that the mean rate was constant throughout each
test. By the use of the values obtained, the ratio of the erosion
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with resistam;.e "t'o the erosion without resistance was determined
and results of the same row were compared. In the determination of

-, the probable errors, an observation' error of 0.5 mil was.assumed.

B -value 18 consistent with the observed scatter of the measure-
‘- ments. Tablde I shows that eilther the high-resistance cable or the
resistor spark plugs reduced erosion by approximately 70 percent.
The magnitudes of the pro'ba.?ble errors are such that little signifl-
cance can be attached-to:the considerably larger reduction in
erosion indicated by test 3(b) when the resistance cable.and resis-
tor spark plugs were used in combinationm.

In the interpretation of the results of the srosion tests,
account must be taken of the fact that the sgtandard and resistance
cables were campared on the basis of equal capacitances and not on
the basis of equal lengths. Thus, the results do not apply to the
practical case of substitution of high-resistance cable for standard
cable 1n an ignition harness but rather to the ildealized case of
replacement of the standard cable by a theoretical resistance cable

having a cepacitance per unit length equal to that of the standard
cable.

SUMMARY OF RESULTS

Spark-plug-electrode erosion tests were made at low mean
effective pressure on an air-cooled, five-cylinder radial aux-
iliary power plant to compare the reduction in erosion resulting
from the use of high-resistance ignition cable with that resulting
from the use of resistor spark plugs and standard ignition cable.
The results of the comparisons, which were made on the basis of
equal cable capacitances rather than equal cable lengths, were as
follows:

l. The high-resistance cables reduced erosion 70 percent when
used 1n place of standard cables on nonresistor spark plugs.

2+ Resistor spark plugs reduced erosion to approximately the
same amount as did the high-resistance cebles.

3« The combination of high-resistance cables and resistor
spark plugs resulted in the lowest rate of erosion, but the tests
were too insensitive to make possible a quantitative evaluation
of the combination.

Alrcraft Englne Research laboratory,
National Advisory Committee for Aeronmautics,
Cleveland, Chio, September 21, 1945.
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Alrcraft Engine Research Iaboratory,
Rational Advisory Conmittee for Aeromautics,
Cleveland, Ohio, September 21, 1945.
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TABLE I - TABULATION OF SPARK-PLUG-ELECTRODE EROSION TESIS

N e S e
1(a)|Top |Stendard |Nonresistor| 0.161

1(b) |Bottom| ~~-d0~~=-~ —=-40--2-=- AT

2{a) | Top ==-00=-==~|==~30~-=~=-~ .158

2(b) |Bottom|Resistance | -~~do==~--~ .051 2(b)/1(b) = 0,30 $0.04
3(a)|Top |Standerd |Resistor .045 3(a)/1(a) = .28 t.04
3(b) |Bottom|Resistance | ~~-do-~-=-~ .030 3(b)/1(b) = .18 +.03

National Advisory Committee

for Aeronautics
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Figure 1, - Air-cooled,
unshielded ignition cables. -

five—cylinder radial auxiliary power
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Figure 3. - Increase in electrode gap with time for various combina-
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of high resistance cables, 925 ohms.
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